INTRODUCTION
The first part of this two-part series covered the factors that should be considered when treatment planning for the severe hypodontia patient. Treatment options discussed included the use of composite to reshape both retained primary teeth and permanent teeth, tooth supported conventional and adhesive fixed bridgework and conventional removable prosthodontics. Implant supported prostheses may be an option, however, their provision is unlikely to be straightforward and considerations specific to this are discussed in this paper.
IMPLANT SUPPORTED PROSTHESES
Implant supported prostheses may range from single crowns and fixed bridges to removable overdentures, depending on the pattern of missing teeth and bone availability. As stated previously in part one, the ideal tooth position in terms of appearance, function and occlusal relationships should be established through the use of articulated study models and aesthetic previews. Appropriate imaging, usually involving a
The first part of this series on severe hypodontia discussed the assessment of patients and factors to consider when treatment planning for the provision of conventional restorative solutions. This article discusses the provision of implant supported prostheses in the severe hypodontia patient who typically presents with inadequate bone volume and other associated dental and craniofacial anomalies. The role of bone augmentation to facilitate implant placement is discussed, in addition to prosthesis design and long-term maintenance. With careful case selection and planning most patients with severe hypodontia can be rehabilitated effectively, both functionally and aesthetically, with implant supported prostheses. In complex cases the involvement of a multidisciplinary team is needed to improve outcome. It should be highlighted that these patients will require ongoing follow up, maintenance and retreatment procedures over their lifetimes.
a one-stage procedure, or it can be delayed until a period of healing has taken place. A two-stage procedure requires a further surgical episode for the patient and requires additional healing time. There is limited evidence to support one approach over another, however, it has been suggested that where primary stability is poor or significant augmentation has taken place, a two-stage approach may reduce the risk of implant failure and complications. 
Mild-moderate horizontal bone defects
Where only a small change in bucco-lingual dimension of bone is required to facilitate implant placement guided bone regeneration at the time of implant placement can be highly predicable. In this situation there should be good primary stability for predictable results.
Autogenous or particulate bone substitute materials can be packed around the implant at sites of bony dehiscence 6 and covered by a membrane that prevents the in-growth of soft tissue. There are a number of synthetic and xenograft materials available, which can act as bone substitutes and promote osseoconduction and bony infill. Additionally, a limited volume of autogenous bone chips can be harvested locally at the time of surgery. This can be done by chiselling or scraping fragments of bone at the surgical site or by aspirating bone particles created during preparation of the osteotomy site into a bone trap. Due to the potential for bacterial contamination, the use of the bone traps is somewhat controversial. If they are used, a stringent aspiration protocol should be followed: their use should be confined to the surgical site and a separate aspirator used to remove saliva from the back of the mouth. [7] [8] [9] As with all surgery, planning of bone augmentation procedures should involve some risk assessment. Where defects are small, the risk of morbidity associated with a donor site can be avoided by the use of bone substitutes. However, where more bone volume is required, other options should be considered as large volumes of particulate material are structurally unstable and attempts to augment large defects in this manner will be unsuccessful.
Moderate-severe horizontal bone defects with minimal vertical gain
Block onlay grafts provide excellent structural stability and have the potential to act as a scaffold for the regeneration of the alveolar ridge. Intraoral donor sites such as the mental symphysis and the mandibular ramus are frequently used. Depending on patient compliance, this surgery can be completed without the need for a general anaesthetic. There is, however, a limit to the amount of bone that can be harvested intraorally and the surgery can be associated with some morbidity such as swelling, haemorrhage, infection and neural disturbance. The latter is most likely to occur when harvesting from the chin and although in the majority of cases this is temporary, there is small risk of permanent paraesthesia. Loss of vitality of the lower incisor teeth can also occur where bone cuts are made too close to the root apices. 10, 11 Intraoral block grafts ( Fig. 2) are generally harvested using a fissure bur, trephine or more recently piezo surgery. 12 The block is then contoured and fixed rigidly to the alveolar ridge with a titanium fixation screw, ensuring close contact between the recipient site and the graft. Some perforation of the cortical plate of the recipient site (decortication) is generally considered to be advantageous to bony integration. Particulate bone and biomaterials may also be packed around the block graft and the use of a collagen membrane can further help to stabilise these and prevent soft tissue ingrowth. 2, 13 When the width of the ridge is significantly increased, soft tissue closure may be difficult. Achieving full coverage of the site and ensuring that there is minimal tension on closure is key to minimising the risk of soft tissue dehiscence and graft failure. If initial incisions are made palatal to the crest of the ridge and periosteal release is carried out to mobilise the soft tissue flap, this problem can be minimised. However, advancing the mucosa from the buccal aspect may mean that the future implants have a lack of buccal keratinised mucosa, which is less than ideal for the health and stability of the peri-implant tissues. This situation can be corrected at a subsequent surgical intervention, for example one option may be to place a connective tissue graft at the time of implant exposure.
Following surgery, trauma to the area and pressure on the graft should be avoided. This requires careful assessment and adjustment of the patients' removable prosthesis or a period without a prosthesis may be advised. After a four-month healing period, the fixation screws can be removed and dental implants placed in the grafted alveolar ridge.
Severe horizontal and vertical defects
Augmentation using bone from extra oral donor sites, typically the iliac crest, can be considered where large volumes of bone are required. This necessitates a general anaesthetic, in-patient management and involvement of the maxillofacial team. Surgery is associated with additional risk of morbidity including scarring, gait disturbance, infection, nerve injury and the risk of the general anaesthetic and lower post-operative quality of life scores.
14 A large amount of bone can be gained from the iliac crest (Fig. 3) and it can be sculpted to fit the recipient site. It is, however, relatively less dense than bone at the recipient site, with larger marrow spaces and this may be why it is more prone to resorption during the three to six month healing phase. The findings of a recent systematic review suggest that implants placed into sites augmented from the iliac crest have a higher failure rate compared to those placed into sites grafted from intraoral sites, 10 however, this conclusion is drawn with some caution due to the risk of bias in the papers included.
As previously described, soft tissue flap closure over the augmented area without tension is crucial to success, however, the more significant the change in ridge dimension, the more difficult this becomes.
Maxillary sinus grafting
In the posterior maxilla there is often minimal bone height for implant placement due to the size and position of the maxillary sinus. This is a particular problem in hypodontia cases where both premolars are absent and the primary molars are retained.
To overcome this difficulty maxillary sinus grafting can be performed (Fig. 4) . This procedure traditionally involves accessing the maxillary sinus using a lateral approach, elevating the sinus membrane and augmenting bone beneath it. 15 Implants placed following this have similar success rates to those placed conventionally 16, 17 and the procedure itself is well documented in the literature. Alternatively where only a limited height gain is required a localised sinus lift procedure can be carried out using osteotomes, 18, 19 although this is less well documented.
A recent systematic review concluded that where sinus augmentation is carried out, the evidence suggests that bone substitutes are as effective as the use of autogenous bone, 20 although healing times are longer in the former. Use of bone substitutes means that there is no donor site and therefore postoperative discomfort and the risk of morbidity are likely to be reduced. Usually the procedure can be carried out under local anaesthetic on an outpatient basis in carefully selected cases.
This review also raises the question as to whether sinus augmentation is necessary at all. Shorter, wider implants (4 mm wide by 6 mm long) appear to be successful in the short term, although their longterm prognosis is unclear. 21 The use of conventional length implants angled to avoid the sinus has been suggested as a way to avoid sinus grafting. 22 This can be a viable alternative in a small number of cases, depending upon the position of adjacent teeth and implants. To ensure accurate placement in this situation it may be necessary to use a CT guided surgical stent. 23 As described previously bone augmentation and implant placement can take place over a one or two stage procedure. Traditionally it has been suggested that if there is 4 mm or more of ridge height, implant placement can take place at the same times as sinus grafting (Fig. 5) . However, as this is related to primary implant stability, the decision regarding staging should be taken on a case by case basis, depending on the quality of the bone, 17, 24 screw-thread morphology and surface characteristics of the implant system used.
PROSTHODONTIC ASPECTS
The use of dental implants should be restoratively driven rather than surgically driven to ensure the best treatment results. This means that the restorative dentist determines the ideal tooth position during the planning phase. Appropriately designed surgical guide stents are useful to ensure that implants are placed in the positions and at angulations to deliver this.
Removable prostheses
Although fixed implant supported prostheses may be ideal, in some cases where there are long edentulous spans and minimal alveolar bone, this may simply not be possible. Implant supported removable prostheses may provide an alternative that improves upon retention, stability and masticatory function. 25, 26 The placement of two fixtures in the anterior mandible to retain a lower overdenture has been shown to be a predictable solution, whereas in the maxilla more limited benefits have been shown. 27 
Fixed prostheses
The trends in implant treatment for this group of patients are to use fewer, moderate length implants in more controlled positions to support sectional prostheses, rather than full arch linked prostheses. If any natural teeth present are of limited prognosis, then planning should where possible take this into account so that the prosthetic arch can be extended if indicated.
Implant placement should not encroach upon the planned embrasure spaces and due consideration should be given to providing an adequate inter-implant and implanttooth distance in order to maintain alveolar bone and papilla levels. 28, 29 Implant position and angulations will also be affected by the decision to provide either a cemented or screw retained fixed prosthesis (Figs 5 and 6 ).
Consideration should be given to the choice of material for the supra-structure of the restoration. In recent years, CAD CAM titanium and zirconium frameworks have become more widely available and a more accurate fit can be achieved when compared to cast metal frameworks. 30, 31 A recent systematic review reports that conventional metal ceramic supra-structures continue to have the advantage in terms of durability related to chipping of the veneering porcelain and cost in comparison to zirconia alternatives. 32 Due to the higher wear resistance of porcelain this may be the most appropriate choice where the opposing arch is natural teeth or porcelain. Alternatively, where the opposing prosthesis is acrylic, it would be more appropriate to provide acrylic or composite occlusal surfaces, due to the matched wear characteristics of these materials.
Long-term maintenance
Small sections of bridgework can be used to replace multiple missing teeth if the supporting implants are strategically placed. In this situation, should technical complications occur, the restoration is more retrievable and maintainable than if a full arch fixed prosthesis was present. This is especially important in young patients, who are likely to require the repair or replacement of the implant supra-structure at some point during their lifetimes. To further aid this, where aesthetics allow, screw retained prostheses should be used in preference to cement retained. 33 The minor chipping or bulk fracture of porcelain on metal ceramic or zirconia prostheses is a documented risk. 32, 34 A number of proprietary chairside porcelain repair kits are available, 35 although the long-term success of these remains unpredictable. For this reason, some clinicians consider that acrylic/metal suprastructures are preferable as they are more easily repaired chairside with the use of composite bonding. However, as these materials are more susceptible to attritive wear and the uptake of stains, the acrylic work is likely to need replacement more frequently than ceramic alternatives.
Several methods and regimes have been proposed to prevent and treat peri-implant mucositis and peri-implantitis and these were evaluated in two recent Cochrane reviews. 36, 37 Although the role of plaque in the aetiology of these conditions is well established, 38 the literature is of insufficient quality to conclude that one preventative or treatment regime is the best.
As with conventional fixed prostheses, implant prostheses should be designed to facilitate oral hygiene measures. This includes ensuring that emergence profile is not excessively bulky and pontic surfaces and interproximal contact areas are cleansable for the patient, on a daily basis, with interdental cleaning aids. The prostheses should also allow easy access for regular examination of the peri-implant soft tissues with a periodontal probe and for professional debridement both supra-and sub-gingivally to remove any plaque retentive deposits and disturb the biofilm. 39 At times it may be necessary to accept a compromise in aesthetics in order to facilitate the long-term maintenance of periimplant health. If patients are appropriately selected and prostheses carefully designed and constructed, these should be easily maintained within a general dental practice environment.
CONCLUSION
In cases of severe hypodontia, the focus in childhood and adolescence should be on prevention and maintenance of the primary dentition where possible. Definitive treatment options are likely to be complicated by a lack of ridge height and width, small teeth of poor morphology and unfavourable skeletal and soft tissues patterns, which make the provision of conventional prostheses difficult or impossible in many cases. Providing implant-supported prostheses is also unlikely to be straightforward, often requiring bone augmentation. Treatment may stretch over many years involving a number of invasive procedures, each of them carrying some risk of morbidity. In complex cases the involvement of a multidisciplinary team is needed to improve outcome.
With careful planning, patients with severe hypodontia can be rehabilitated very effectively in most cases achieving a good functional and aesthetic result. It should be highlighted that these patients will require ongoing follow up, maintenance and retreatment procedures over their lifetimes. Further research into new techniques to improve the hard and soft tissue foundations before implant treatment is needed. 
